X-ray absorption and emission measurements in the vicinity of the chlorine K edge of the three chloroAuoromethanes have been made using monochromatic synchrotron radiation as the source of excitation. By selectively tuning the incident radiation to just above the Cl 1s single-electron ionization threshold for each molecule, less complex x-ray-emission spectra are obtained. This reduction in complexity is attributed to the elimination of multielectron transitions in the Cl K shell, which commonly produce satellite features in x-ray emission. The resulting "satellite-free" x-ray-emission spectra exhibit peaks due only to electrons in valence molecular orbitals fi11ing a single Cl 1s vacancy. These simplified emission spectra and the associated x-ray absorption spectra are modeled using straightforward procedures and compared with semiempirical ground-state molecular-orbital calculations. Good agreement is observed between the present experimental and theoretical results for valence-orbital energies and those obtained from ultraviolet photoemission, and between relative radiative yields determined both experimentally and theoretically in this work.
I. INTRODUCTION
The general quantitative application of x-ray spectroscopy to structural and dynamical studies of atoms and molecules has proved problematical because of the obscuring effect of multivacancy processes, which are usually present in addition to single-vacancy transitions in conventional x-ray spectra. ' These multivacancy processes, in which two or more electrons are excited or ionized, result in extra features, termed satellites, in x-rayabsorption and emission spectra. With the availability of tunable monochromatic x rays at synchrotronradiation sources, it is now possible to selectively ionize core electrons near enough to the core-level threshold energy that multielectron transitions in the subshell of interest are energetically forbidden. Under these conditions, x-ray emission (Iluorescence) is observed only from singly ionizied atoms or molecules, without contributions from multivacancy satellites: hence the term "satellite-free x-ray emission. " Selective excitation, however, does not preclude the occurrence of multielectron transitions in the x-ray-emission process. But such transitions are expected to be very weak, in x-ray emission, unlike in the initial photoabsorption process, there is no change in charge state to cause "shake-up" or "shakeoff" phenomena.
In this work, we present a study of the valence electronic structure of the chloroAuoromethanes by chlorine K x-ray emission under satellite-free conditions. We demonstrate how this technique, based on the use of synchrotron radiation, can eliminate multivacancy effects that are inherent in conventional x-ray spectroscopy. ' For this report, Cl K absorption spectra and Cl K-V emission spectra (K -valence-level, historically denoted as Cl KP) of gas-vapor phase CF3C1, CF2Clz, and CFC13 were measured using monochromatic synchrotron radiation from the National Institute of Standards and Technology (NIST) beamline X-24A at the National Synchrotron Light Source (NSLS) as the source of excitation. In order to estimate contributions from satellite features in the xray-emission spectra, ' Cl K-V fluorescence spectra were recorded for several incident x-ray energies in the vicinity of the single-and multiple-vacancy Cl K ionization thresholds. Appropriate photon energies for producing satellite-free spectra were selected, and single-vacancy Cl K emission spectra were recorded for all three samples.
Comparison to previous core-level ' and valence-shell studies is made to assist in determining peak assignments.
To further guide the interpretation of the satellite-free spectra, semiempirical ground-state modified neglect of diatomic-overlap (MNDO) calculations were performed for the valence molecular orbitals (MO's). In these calculations, the molecular geometry was varied to minimize the orbital energies, while retaining the proper groundstate molecular symmetry. ' Thus, the Cl K-V emission spectra have been analyzed by a method first described by
Manne, " based upon atomic-orbital compositions of MO's. We find that production of satellite-free x-ray-emission spectra is feasible, and that simplified spectra are indeed obained using selective photon excitation 
The owest unoccupied valence MO's f CF Cl, NDO calculations, are 13a"10bz, 14a"and 6b, in order of increasing energy. Fig. 4, along A satellite-free Cl K-V x-ray-emission spectrum of CFC13 is presented in Fig. 6 IV. CONCLUSION We have demonstrated the feasibility of producing gas-phase molecular x-ray-emission spectra free of the complicating influences of multielectron (multivacancy satellite) effects. These so-called "satellite-free" spectra can be interpreted adequately using relatively simple theoretical models, giving insight into the assignments and relative yields for the observed valence-molecularorbital x-ray transitions. Such simplified x-ray-emission spectra may be particularly useful for more complex molecules, where the advantages of the propensity to follow atomic dipole selection rules (e.g. , Cl 3p -mls) will be most profound.
